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Field of the Invention 

This invention relates to ferroelectric memory device structures and integrated 

processes for ferroelectric non-volatile memory devices, and specifically to a method of selective 

etching without over etching an oxide layer. 

Background of the Invention 

Metal/FE/InjOj/Si or Metal/FE/oxide/InjOj/Si memory cells for one-transistor 

ferroelectric memory devices are desirable because they have extended memory retention. For 

integration processes of In203 FeRAM memory devices and high-density applications, a selective 

etching process is a critical is§ue, 

Summary of the Invention 

A method of selective etching a metal oxide layer for fabrication of a ferroelectric 
device includes preparing a silicon substrate, including forming an oxide layer thereon; depositing 
a layer of metal or metal oxide thin film on the substrate; patterning and selectively etching the 
metal or metal oxide thin film without substantially over etching into the underlying oxide layer; 
depositiag a layer of ferroelectric material; depositing a top electrode on the ferroelectric material; 
and completing the ferroelectric device. 

It is an object of the invention to provide a method of selective etching of In203 thin 
films for Metal/FE/In203/Si or Metal/FE/In203/Si02 or high-k oxide/Si FeRAM ferroelectric 
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memory devices. 

Another object of the invention is to selective etch a layer without over etching an 
adjacent oxide layer. 

This summary and objectives of the invention are provided to enable quick 
comprehension of the nature of the invention. A more thorough understanding of the invention 
may be obtained by reference to the following detailed description of the preferred embodiment of 
the invention in connection with the drawings. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of a first embodiment of the method of the invention. 

Fig. 2 is a block diagram of a second embodiment of the method of the invention. 

Figs. 3 and 4 depict patterned and etched indium-containing thin films. 

Figs. 5 and 6 depicts patterned and etched ^263 thin films. 
Detailed Deggnption of the Preferred Embodiment 

This invention is a method of selective etching an indium-containing layer, such as 
InjOj, which is particularly suitable for MFMox (Metal-Ferroelectric-Metal oxide) FeRAM 
fabrication, wherein In203 or other indium-containing layers are used as a bottom electrode for a 
ferroelectric stack. The method of the invention may also be used for fabrication of other device 
types. 

The examples presented herein are described in tfie context of selective etching 
processes of InjOj thin fihns as used in Metal/FE/InjOj/Si, Metal/FE/InjOj/SiOj, or high-k oxide 
on silicon FeRAM ferroelectric memory device. In order to fabricate a Metal/FE/In203/Si, 
Metal/FE/In203/Si02, or high-k oxide on silicon FeRAM ferroelectric memory devices, it is 
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necessary to pattern and etch In203 thin fihn, while at most, minimally over etching into a SiOj 
layer. 

The method of the invention is an etching process for patterning and etching In203 
without excessive over etching of a SiOj layer. The etching rates for In, InjOj, SiOs thin films are: 
In: 100 nm/min; InjOj: 80 nm/min; and SiOj: 60 nm/min. The chemistry and etching conditions of 
the method of the invention are as follows: BCl 30 seem; CI 60 seem; Tcp RF 350 W; Bias RF 
150 W; Pressure 6 torr. 

The substrate used to form Lead Germanixmi Oxide (PbsGejOu) (PGO) MPS 
devices is, in the preferred embodiment, a P-type silicon wafer. Two processes may be followed 
according to the method of the invention; the first includes a deposition of indium, while the 
second includes a deposition of indium oxide. 
Process One: 

Referring now to Fig. 1, wherein the first embodiment of the method of the 
invention is depicted generally at 10, a silicon wafer is prepared, block 12. Wafer preparation may 
include formation of an oxide layer on the sihcon substrate. The oxide may be silicon oxide or a 
high-k oxide formed on the silicon substrate. A thin film of indium is deposited on the silicon, 
SiOj, or high-k oxide on silicon substrate, block 14, depending on thickness measxirements. 

P type silicon (100) wafers are used as the substrates for InjOj thin film deposition. 
For a In203 thin film deposited on silicon, the silicon wafer is dipped in HF (50: 1) for 5 seconds 
prior to deposition of the In203 thin fihn. For a lHjO^ thin film deposited on Si02, the sihcon wafer 
has SiOj layer deposited by CVD, which Si02 layer has a thickness of about 200 nm prior to 
deposition of InjOj. DC sputtering is used to deposit a indixmi-containing layer using an indium 
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target. Deposition of a In203 thin film including depositing the thin film on a substrate at a 
deposition temperature of between about 20°C to 300*^C; at a pressure of between about 1 torr to 10 
torr; at an oxygen partial pressure of between about 0% to 60%, depending on which films, e.g., 
indium or InO^, is to be deposited. The DC sputtering power is set to between about 200 W to 300 
5 W, and the backward power is maintained to be smaller than 1 %. The substrate temperatures is 
maintained at between about 20''C to 200°C. After deposition of an InO^ thin films, the post- 
annealing step is performed at a temperature of between about 400*^0 to 800°C for between about 5 
minutes to 60 minutes in an oxygen atmosphere. The parameters are varied according to the 
desired resistance requirements of the memory device being fabricated according to the method of 
10 the invention. 

The indium thin film is patterned, block 16, using a the selective etching process of 
the method of the invention. The following etching process is used for patterning and etching 
InjOj without excessively over etching an imderlying SiOj layer, block 18. The InjOj thin film, 
which is deposited on a SiOj layer, is coated with photoresist, and patterned by photolithography, 

15 and developed. After the patterned InjOj thin film is placed in an etching chamber, the chamber 
pressure is maintained in a range of between about 3 mtorr. to 15 mtorr, with the best results being 
obtained at a pressure of about 6 mtorr. Etching chemicals, including BCl, delivered at a flow rate 
of between about 10 seem to 60 seem, with the best results being obtained at a flow rate of about 
30 seem, and CI with a flow rate of between about 20 seem to 100 seem, with the best results being 

20 obtained at a flow rate of about 60 seem, are delivered into the etching chamber. The Tcp RF 

plasma of about 350 W and a Bias RF plasma of about 150 W is generated, keeping the backward 
plasma smaller than 1%. Depending on the thickness of the ^263 fikn, and the etching rates listed 
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on Table 2, the etching time is controlled to avoid over etching. This is because In and ^263 each 
have a higher etching rate than does SiOj when the etching method of the invention is used. 



Items 


BCl (seem) 


CI (seem) 


Tcp RF (W) 


Bias RF (W) 


Pressure 
(mtorr) 


Parameters 


30 


60 


350 


150 


6 



Table 1 Chemistry and Etching Parameters 





Items 


In - 




SiOj 


10 


Etching rates 


100 


80 


60 




(mn/minute) 









Table 2 Etching Rates for In, InjOj and Si02 Thin Fihns 



1 5 The pattemed indium thin fihn is annealed, block 20, depending on the resistivity 

requirements of the In203 thin film device application, in an oxygen atmosphere to form an indium 
oxide (InjOj) thin film firom the indium layer, at a temperature of between about 400'*C to SOO'^C 
for between about 5 minutes to 30 minutes at between about 500 torr. to 700 torr. After annealing, 
a layer of ferroelectric material is deposited on the indium-containing layer, block 22, the structure 

20 is again aimealed, block 24. A top electrode, platinxrai, iridiimi aluminum-copper or 
aluminum, is deposited, block 26, and the ferroelectric device completed, block 28. 
Process Two: 

Referring now to Fig. 2, a second embodiment of the method of the invention is 
depicted generally at 30, a silicon wafer is prepared, block 32. Wafer preparation may include 
25 formation of an oxide layer on the silicon substrate. The oxide may be silicon oxide or a high-k 
oxide formed on the silicon substrate. A thin film of indium oxide is deposited on the silicon, 
SiOj, or high-k oxide on silicon substrate, block 34, depending on the thin film thickness. The 
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indium oxide thin film is patterned and etched, block 36, using the selective etching process of the 
method of the invention, previously described. 

A layer of ferroelectric material is deposited on the indium-containing layer, block 
38, the structure is annealed, block 40. A top electrode, e.g., platinum, iridium aluminum-copper 
or aluminum, is deposited, block 42, and the ferroelectric device completed, block 44. 

Figs. 3 and 4 depict examples of patterned and etched indium thin films. 
Measurements of the SiOj thickness demonstrate only a 10 nm SiOj over etch, which meets the 
criteria for fabrication of FeRAM devices. Fig. 3 depicts a pN pattern for larger device, e.g., 
between about 10 |Lim x 10 jiim to 50 jim x 100 (im, and Fig. 4 depicts a PN pattem for smaller 
device, e.g. < 1 (xm x 1.5 ^im. The selective patterning/etching method of the invention has been 
used successfully to pattem and etch indium and InO^ thin films having devices sizes of between 
about 0.1 ^m and 100 p.m. 

The method of the invention to etch In203 thin film does not require an endpoint 
detector. The method of the invention provides a method of etching InjOj thin films with less than 
25 nm SiOj over etch. Figs. 5 and 6 depicts the patterned and etched InjOj thin film, again, for 
smaller and larger devices, respectively. The Si02 thickness decreases fi*om 214.7 nm to 193.8 
nm., which represents about a 20 nm SiOj over etch. These results also meeting the criteria for 
fabrication of FeRAM devices. 

Thus, a method for selective etching processes for In203 thin films in FeRAM 
device applications has been disclosed. It will be appreciated that fiorther variations and 
modifications thereof may be made within the scope of the invention as defined in the appended 
claims. 
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